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
  
  
˙ Q1(t) = F1(t) − c(θ1(t) − θ2(t)) − cext1(θ1(t) − θext(t))
˙ T1(t) = −a   T1(t) + d   θ1(t)
Q1(t) = cT1   θ1(t)
F1(t) = b1   u1(t) 
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  
  
˙ Q2(t) = F2(t) + c(θ1(t) − θ2(t)) − cext2(θ2(t) − θext(t))
˙ T2(t) = −a   T2(t) + d   θ1(t)
Q2(t) = cT2   θ2(t)
F2(t) = b2   u2(t)
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θ1 = T1 = (2.02u01 + 0.81u02 + θext0)
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  
˙ Q1(t) = F1(t) − c(θ1(t − τ) − θ2(t − τ)) − cext1(θ1(t − τ) − θext(t))
˙ T1(t) = −a   T1(t) + d   θ1(t − τ)
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C2(s) = D2(s) =
(1+s105)
(1+s1011)
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 


 


 
 
  C3(s) = D3(s) =
(1+s104)
(1+s10−2)
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C(s) = C1(s)C2(s)C3(s) =
61.35   (1 + s104)(1 + s105)
s(1 + s1011)(1 + s10−2)
D(s) = D1(s)D2(s)D3(s) =
73.53   (1 + s104)(1 + s105)
s(1 + s1011)(1 + s10−2)
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tr = 434s(≃ 7.2
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  F(t) = b   u(t)
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F(u(t)) =

 
 
0,
 
  u(t) < 0
b u(t),
 
  0 ≤ u(t) ≤ umax
b umax
 
  u(t) > umax
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 


 
 
 
 

    
    
˙ θ1(t) = −
(c+cext1)
cT1
  θ1 + c
cT1
  θ2 + F1(u1(t)) +
cext1
cT1
  θext
˙ θ2(t) = −
(c+cext2)
cT2
  θ2 + c
cT2
  θ1 + F2(u2(t)) +
cext2
cT2
  θext
˙ T1(t) = −a   T1(t) + d   θ1(t)
˙ T2(t) = −a   T2(t) + d   θ1(t)
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 



T1(s) = G1(s)[T2(s) + G3(s)   θext(s)]
 
 
  u(t) < 0
T1(s) = G1(s)[G2(s)   U1(s) + T2(s) + G3(s)   θext(s)]
 
 
  0 ≤ u(t) ≤ umax
T1(s) = G1(s)[G2(s)   umax + T2(s) + G3(s)   θext(s)]
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  s ≃ 19.1%
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